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(57) ABSTRACT

The mvention relates to a process for preparing nitric acid by
treating an aqueous medium containing organic compounds
and phosphate, said process comprising:

teeding the aqueous medium to a mitric acid synthesis zone;
forming nitric acid by contacting the aqueous medium with
a gaseous medium 1n said nitric acid synthesis zone, said
gaseous medium containing NO,;

discharging an off-gas from said nitric acid synthesis zone;
wherein the total organic carbon concentration in the aque-

ous medium entering the nitric acid synthesis zone 1s less
than 0.03 wt. %.

10 Claims, 1 Drawing Sheet
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PROCESS FOR TREATING AN AQUEOUS
MEDIUM CONTAINING PHOSPHATE SALT
AND ORGANIC COMPOUNDS

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s the National Phase of International
Application PCT/NLO02/00780 filed Dec. 2, 2002 which
designated the U.S., and was published i the English
language.

The invention relates to a process for treating an aqueous
medium containing organic compounds and phosphate to
prepare nitric acid. The invention also relates to a process for
preparing cyclohexanone oxime.

Oximes can be produced 1n a process in which a buflered,
aqueous medium containing builer acids or acidic salts, for
example phosphate buflers, and bufler salts dertved from
these acids, 1s continuously recycled between a hydroxy-
lammonium synthesis zone, 1n which nitrate 10ns are cata-
lytically reduced with molecular hydrogen to hydroxylam-
monium, and an oximation zone where a ketone, e.g.
cyclohexanone, 1s converted to an oxime. After having been
enriched 1n hydroxylammonium 1n the hydroxylammonium
synthesis zone, the aqueous medium 1s then passed to the
oxime synthesis zone, where the hydroxylammonium reacts
with a ketone, e.g., cyclohexanone, forming the correspond-
ing oxime. The oxime can then be separated from the
aqueous medium which 1s recycled to the hydroxylammo-
nium synthesis zone.

The net chemical reactions occurring during the process
can be represented by the following equations:

1) Preparation of the hydroxylammonium:

"y

2H,PO,+NO; +3H,—»NH,OH*+2H, PO, +2H,0

2) Preparation of the oxime

NH;O0H" + 2H,PO4 + 2HZ0 +< H > = 0 —

H —

N - OH + HzPO4 + m,pO, + 3H0

3) Supply of HNO, to make up the depletion of the source
of nitrate 1ons after removal of the oxime formed

H,PO, +HNO;—H,PO,+NO;"

Before the aqueous medium 1s passed into the hydroxy-
lammonium synthesis zone, it may be enriched with the
required nitrate 10ons by addition of nitric acid or by absorp-
tion of nitrous gases in the aqueous medium 1n which
instance nitric acid 1s formed 1n situ.

U.S. Pat. No. 3,997,607 describes a process in which the
aqueous medium exiting the oxime synthesis zone, and
containing 400 ppm (0.040 wt. %) of organic compounds
calculated as carbon, 1s fed into an absorption column 1n
which 1t 1s contacted with nitrous gases resulting in the
formation of HNO,;. An off-gas discharges from the column.

Disadvantage of the process of U.S. Pat. No. 3,997,607 1s
that there 1s a high tendency for corrosion of materials which
are 1n contact with the off-gas, presumably due to entrain-
ment of salt in the ofl-gas.

Goal of the mmvention 1s to provide a process wherein the
corrosion problems do not occur or occur at least to a lesser
extent.
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This goal 1s achieved according to invention by providing
a process for treating an aqueous medium containing organic
compounds and phosphate to prepare nitric acid, said pro-
CEss comprising;:

feeding the aqueous medium to a nitric acid synthesis
Zone;

forming nitric acid by contacting the aqueous medium
with a gaseous medium 1n said nitric acid synthesis zone,
said gaseous medium containing NO,;

discharging an off-gas from said nitric acid synthesis
Zone;

characterized 1n that the total organic carbon concentration
(TOC) 1 the aqueous medium entering the nitric acid
synthesis zone 1s less than 0.03 wt. %.

The mvention also provides a process for preparing
cyclohexanone oxime, said process comprising:

passing an aqueous medium containing phosphate from a
hydroxylammonium synthesis zone to a cyclohexanone
oxime synthesis zone, from the cyclohexanone oxime syn-
thesis zone to a nitric acid synthesis zone, and from the nitric
acid synthesis zone to the hydroxylammonium synthesis
Zone;

preparing hydroxylammomum by catalytically reducing
nitrate with hydrogen in said hydroxylammonium synthesis
Zone;

preparing cyclohexanone oxime by reacting hydroxylam-
monium with cyclohexanone 1n said cyclohexanone oxime
synthesis zone;

forming nitric acid by contacting the aqueous medium
with a gaseous medium in said nitric acid synthesis zone,
said gaseous medium containing NO,;

discharging an off-gas from said mitric acid synthesis
zone; characterized 1n that the total organic carbon concen-
tration (TOC) 1n the aqueous medium entering the nitric acid
synthesis zone 1s less than 0.03 wt. %.

According to the invention the tendency for corrosion is
decreased. This increase the lifetime of materials which are
in contact with the off-gas. It i1s also possible to apply
materials which are less corrosion resistant, with no increase
of corrosion problems.

According to the mvention the total organic carbon con-
centration (1OC) 1n the aqueous medium entering the nitric
acid synthesis zone 1s less than 0.03 wt. %. As used herein
the total organic carbon concentration (TOC) refers to the
sum concentration of all organic compounds, calculated as
carbon. The TOC may be determined by known methods, for
instance by oxidizing the organic compounds to CO, and
determining the amount of CO, formed. Preferably, the total
organic carbon concentration (1OC) 1n the aqueous medium
entering the nitric acid synthesis zone 1s less than 0.020 wt.
%, more preferably less than 0.015 wt. %, most preferably
less than 0.010 wt. %. This further reduces the severity of the
corrosion conditions for materials which are in contact with
the ofl-gas.

As used herein, concentrations in the aqueous medium
entering the nitric acid synthesis zone, refer to the concen-
trations 1n the aqueous medium which 1s fed to the nitric acid
synthesis zone. The weight percentages are given with
respect to the weight of the aqueous medium which 1s fed to
the nitric acid synthesis zone.

According to the mvention mitric acid 1s formed 1n the
nitric acid synthesis zone by contacting the aqueous medium
with a gaseous medium, said gaseous medium containing
NO,; In a preferred embodiment, the gaseous medium also
comprises NO and O,
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The formation of nitric acid can be represented by the
following equation:

4) 3NO,+H,0—2HNO,+NO

Nitrogen dioxide may be formed according to the following
equation:

5) 2NO+0,—2NO,

The aqueous medium may be contacted with the gaseous
medium by any suitable method. Preferably, the aqueous
medium and the gaseous medium are contacted 1n counter-
current flow. Pretferably, the superficial gas velocity of the
gaseous medium 1n the nitric acid synthesis zone 1s between
0.05 and 1 m/s, more preferably between 0.1 and 0.5 m/s.
Applying a superficial gas velocity below the upper pre-
terred values further reduces the occurrence of corrosion
problems. As used herein the superficial gas velocity refers
to the volumetric flow (in m’/s) of the gaseous medium
divided by the free cross sectional area of the nitric acid
synthesis zone (in m”). The temperature in the nitric acid
synthesis zone 1s generally between 10 and 100° C., pret-
erably below 60° C. The pressure 1n the nitric acid synthesis
zone 1s generally between 1 and 20 MPa. Any suitable vessel
may be used as a nitric acid synthesis zone. Preferably, the
nitric acid synthesis zone 1s a column. Preferably, such
column 1s a plate column or a packed column. The plate
column may be any suitable column fitted with plates, for
instance sieve trays, bubble caps or valve trays.

The gases to be reacted may be fed to the nitric acid
synthesis zone by any suitable method or may be formed 1n
situ. NO,, and preferably also O,, may be fed to the nitric
acid synthesis zone. It 1s also possible to feed NO and O.,
and optionally NO,, to the nitric acid synthesis zone. O, may
be fed to the nitric acid synthesis zone by feeding air. The
abovementioned gaseous compounds may be fed to the
reaction zone separately, or as a mixture. In a preferred
embodiment the gases entering the nitric acid synthesis zone
originate from an ammonium destruction zone, 1 which
ammonium 1s reacted with nitrous gases.

The oll-gas may comprise any type of nitrous compounds,
for instance NO and/or NO,. The off-gas may also contain
N,O;, and/or N,O,. The ofl-gas may also contain one or
more 1nert gases, for instance N, .

The aqueous medium contains phosphate, preferably
between 2.0-8.0 mol phosphate per liter of aqueous
medium. The phosphate may be present as H,PO,, H,PO,~,
HPO,>~ and/or PO,”". Preferably, the aqueous medium is
butlered. Preferably, the aqueous medium 1s an acidic aque-
ous medium. Preferably, the aqueous medium entering the
nitric acid synthesis zone has a pH of between 0 and 4, more
preferably between 0.5 and 4. In a preferred embodiment,
the aqueous medium entering the nitric acid synthesis zone
contains 2.0-8.0 mol phosphate, 0.5-8.0 mol ammonium
(NH,") and 0.1-5.0 mol nitrate (NO;7) per liter of aqueous
medium. As used herein the phosphate content refers to the
joint content of H,PO,, H,PO,~, HPO,*~ and PO."~ per liter
of aqueous medium. The aqueous medium comprises
organic compounds. Examples of organic compounds
include cyclohexanone, cyclohexanone oxime, cyclohexy-
lamine, carboxylic acids, and/or amine compounds. Prefer-
ably, the joint content of (sum concentration of) cyclohex-
anone and cyclohexanone oxime entering the nitric acid
synthesis zone 1s less than 0.001 wt. %, more preferably less
than 0.0005 wt. %, most preferably less than 0.0002 wt. %.
These weight percentages are given relative to the weight of
the aqueous medium.
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The aqueous medium may be discharged from the nitric
acid synthesis zone by any suitable method. Preferably, the
aqueous medium leaving the nitric acid synthesis zone
comprises between 1 and 8 mol nitrate per liter of aqueous
medium.

Preferably, the process comprises separating organic com-
pounds from said aqueous medium prior to feeding said
aqueous medium to said mitric acid synthesis zone. Prefer-
ably, said separating 1s carried out by stripping, e.g. by a
process as described 1 U.S. Pat. No. 3,940,442. In a
preferred embodiment the stripping comprises feeding the
aqueous medium to a stripping zone; passing steam through
the aqueous medium 1n the stripping zone; and discharging
a vapour stream comprising steam and organic compounds
from said stripping zone. The aqueous medium and the
steam may be contacted by any suitable method. Preferably,
the aqueous medium and the steam are contacted 1n coun-
tercurrent tlow. Preferably, the superficial gas velocity of
said steam passing through the stripping zone is between 0.2
and 3 m/s, more preferably between 0.4 and 1.5 m/s. As used
herein the superficial gas velocity refers to the volumetric
steam flow (in m>/s) divided by the free cross sectional area
(perpendicular to the direction of steam flow) of the strip-
ping zone (in m”). Preferably, the temperature in the strip-
ping zone 1s between 90-180° C., more preferably between
105 to 160° C. The pressure in the stripping zone may be
atmospheric. Preferably, the pressure in the stripping zone 1s
between 0.05 to 1 MPa, more preferably between 0.09 to 0.6
MPa. Preferably, the residence time of the aqueous medium
in the stripping zone 1s between 0.5 and 60 minutes. Any
suitable vessel may be used as a stripping zone. Preferably,
the stripping zone 1s a column. Preferably, such column 1s a
plate column or a packed column. The plate column may be
any suitable column fitted with plates, for instance sieve
trays, bubble caps or valve trays. Preferably, the stripping 1s
carried out 1n a stripping zone such that the TOC in the
aqueous medium leaving the stripping zone 1s less than
0.030 wt. %, preferably less than 0.020 wt. %, more prel-
erably less than 0.015 wt. %, more preferably less than 0.010
wt. %.

In the cyclohexanone oxime synthesis zone, hydroxylam-
monium 1s reacted with cyclohexanone to form cyclohex-
anone oxime, prelferably in the presence of an organic
solvent. Any suitable organic solvent may be used in which
cyclohexanone and cyclohexanone oxime may be dissolved.
Preferably, the organic solvent 1s selected from the group
consisting of benzene, toluene, xylene, methylcyclopentane,
cyclohexane and mixtures thereof. Most preferably, the
organic solvent is toluene. A suitable process 1s for instance
described 1 GB-A-1,138,750. In a preferred embodiment,
the reaction of hydroxylammomum with cyclohexanone 1s
ellected by contacting the aqueous medium and an organic
stream comprising cyclohexanone and the organic solvent 1n
countercurrent tlow. The cyclohexanone oxime produced
may be discharged from the cyclohexanone oxime synthesis
zone by any suitable method, preferably by withdrawing an
organic product from the cyclohexanone oxime synthesis
zone, said organic product comprising the cyclohexanone
oxime and the organic solvent. The organic solvent and the
cyclohexanone may be introduced into the cyclohexanone
oxime synthesis zone at any suitable point, preferably down-
stream of the point where the organic product 1s withdrawn
from the cyclohexaone oxime synthesis zone (seen 1n the
direction of flow of the aqueous medium). Most preferably,
the organic solvent and the cyclohexanone are introduced
into the cyclohexanone oxime synthesis zone downstream of
the point where the organic product 1s discharged from the
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cyclohexanone oxime synthesis zone, and the organic sol-
vent 1s 1ntroduced downstream of the point where the
cyclohexanone 1s mntroduced 1nto the cyclohexanone oxime
synthesis zone (seen 1n the direction of flow of the aqueous
medium. This embodiment has the advantage that extraction
of residual amounts of cyclohexanone and cyclohexanone
oxime 1s 1mproved. As used herein, the zone between the
point where the organic product leaves the cyclohexanone
oxime synthesis zone and the point where the cyclohex-
anone 1s mtroduced 1nto the cyclohexanone oxime synthesis
zone 1s also referred to as reaction zone. As used herein the
zone between the point where the cyclohexanone 1s 1ntro-
duced into the cyclohexanone oxime synthesis zone and the
point where the organic solvent 1s introduced into the
cyclohexanone oxime synthesis zone 1s also referred to as
extraction zone. For the reaction zone and/or extraction
zone, use may be made of known types ol countertlow
reactors, such as for instance pulsed columns filled with
packing bodies or rotating disc reactors. It 1s also possible to
use a system comprising a number, €.g. 3 to 6, of series-
connected reactors equipped with stirrers, each of these
reactors also being provided with a liquid-liquid separator.
The cyclohexanone oxime synthesis zone 1s preferably oper-
ated at a temperature between 40 to 150° C. Preferably, the
reaction medium entering the cyclohexanone oxime synthe-
s1s zone has a pH of between 1 and 6, more preferably
between 1.5 and 4. Preferably, the concentration of hydroxy-
lammonium 1n the aqueous medium entering (fed to) the

cyclohexanone oxime synthesis zone 1s between 0.8 and 2.5
mol hydroxylammonium per liter of aqueous medium.

In the hydroxylammonium synthesis zone hydroxylam-
monium 1s formed by catalytic reduction of nitrate or
nitrogen oxide with hydrogen. The hydroxylammonium
synthesis zone may be operated at a temperature ranging
from 20 to 100° C., preferably 30-90° C., more preferably
40-65° C., and at atmospheric, sub-atmospheric or elevated
pressures, preferably between 0.1 and 5 MPa, more prefer-
ably between 0.3 and 3 MPa, and 1n particular between 0.5
and 2 MPa (hydrogen partial pressure). Preferably, the pH 1n
the hydroxylammonium synthesis zone 1s between 0.5 and 6,
more preferably between 1 and 4. The catalyst employed in
this zone 1s generally present in a range of between 1 to 25
wt. %, preferably between 5 to 15 wt. % of a precious metal,
relative to total weight of support plus catalyst. Preferably,
the catalyst 1s a palladium contaiming catalyst, for instance
a palladium or a palladium-platinum catalyst, present on a
support, such as for instance carbon or alumina support.
Generally, the catalyst 1s present in the hydroxylammonium
synthesis zone 1n an amount of 0.2-5 wt. % relative to the
total hiquid weight 1n the hydroxylammonium reactor
vessel(s). The hydroxylammonium synthesis zone 1s not
limited to a specific reactor. A reactor with a mechanical
stirrer may be used. Preferably, the reactor 1s column,

preferably a bubble column. An example of suitable bubble
column 1s described 1 NL-A-6908934.

Preferably, the process 1s a continuous process.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a preferred embodiment
of the process according to the invention.

FIG. 2 1s a schematic diagram of a preferred embodiment
wherein the process according to the mvention 1s part of a
process for the production of cyclohexanone oxime.
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DESCRIPTION OF PREF.
EMBODIMENTS

L]

RR.

g
»

Referring to FIG. 1, letter A represents the nitric acid
synthesis zone, 1n this case a column fitted with sieve trays.
The aqueous medium 1s fed to the top of column A via line
1. A gas mixture containing NO, NO,, and O, 1s fed to the
bottom of column A via line 3. Aqueous medium enriched in
nitric acid 1s discharged from column A via line 2. An ofl-gas
1s discharged from the column via line 4. The column 1is
cooled.

Referring to FIG. 2, B represents the hydroxylammonium
synthesis zone. A cyclohexanone oxime synthesis zone 1s
used comprising reaction zone C and extraction zone D. To
zone B, containing catalyst, hydrogen 1s fed via line 5;
unreacted hydrogen 1s discharged, with any other gases, via
line 6. The aqueous medium, containing, inter alia, phos-
phate, 1s fed to zone B through line 2 and line 16, and after
having been enriched 1 hydroxylammonium i the
hydroxylammonium synthesis zone, the aqueous medium 1s
passed to the cyclohexanone oxime synthesis zone via line
7. The cyclohexanone oxime synthesis zone comprises reac-
tion zone C and extraction zone D. The cyclohexanone to be
converted 1s fed to zone C 1n an organic solvent via line 8.
The cyclohexanone 1s imntroduced into the organic solvent via
line 9. The largest part of cyclohexanone oxime produced
and dissolved in the organic solvent 1s removed from the
system via line 10.

Upon exiting reaction zone C, the aqueous medium 1s
passed to extraction zone D wvia lmme 11. Upon exiting
reaction zone C, the hydroxylammonium content of the
aqueous medium has been reduced by reaction and contains
small quantities of cyclohexanone and cyclohexanone
oxime. The organic solvent enters extraction zone D through
line 13. In extraction zone D, residual cyclohexanone oxime
and cyclohexanone 1s removed from the aqueous medium.

The aqueous medium exits extraction zone D through line
14 which passes the aqueous medium to a separation opera-
tion, stripping column E. In this column organic compounds
are removed from the aqueous medium via line 15. The total
concentration organic compounds (TOC) in the aqueous
medium leaving stripping column E 1s less than 0.03 wt. %.
Part of the aqueous medium leaving the column passes
through line 1 to mitric acid synthesis zone A. A gas mixture
containing gaseous NO,, NO and O, 1s fed to nitric acid
synthesis zone A via line 3. An ofl-gas i1s discharged from
nitric acid synthesis zone A via line 4. Another part of the
aqueous medium leaving the stripping column E by-passes
nitric acid synthesis zone A via line 16 and 1s recycled to
hydroxylammonium synthesis zone B together with the
aqueous medium enriched 1n nitric acid and leaving nitric
acid synthesis zone A. The process 1s carried out continu-
ously.

The following specific examples are to be construed as
merely 1illustrative, and not limitative, of the remainder of
the disclosure.

Comparative Experiment A

In this experiment a column 1s used as indicated in FIG.
1. The diameter 1s 3 m, the height 34.6 m. The column 1s
provided with 27 sieve trays. To the top of the column an
aqueous medium was fed (9.9 m” per hour) having the
following composition:

18% by weight of H;PO,

18% by weight of NH,NO,

16% by weight of NH,H,PO,

0.8% by weight of hydroxylammomum phosphate
TOC=0.04 wt. %
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Balance substantially water.

To the bottom of the column is fed (4.819 m” per hour) gas
in the following quantities:

H,O 3.2 wt. %
NO 1 wt. %
NO, 7.8 wt. %
0, 5.1 wt. %
N, R2.9 wt. %

An off-gas having the following composition 1s discharged
from the top of the column:

1,0 0.8 wt. %
NO 0.05 wt. %
NO, 0.06 wt. %
0, 3.4 wt. %
N, 05.69 wt. %

The column 1s operated at a temperature of 40° C. and at a
pressure of 0.7 MPa.

During subsequent treatment the ofl-gas 1s heated to a
temperature of 150° C.

After operation during 1 year, part of the piping (made of
AISI 304L steel), which was contacted with the ofl-gas, has
to be replaced due to corrosion.

EXAMPLE 1

Comparative experiment A 1s repeated with the only
difference that the TOC of the aqueous medium entering the
column 1s 0.026 wt. %. The same part of the piping as 1n
experiment A has to be replaced no earlier than after 3 years.

This example shows that due to a decrease of the TOC in
the aqueous medium entering the column, the lifetime of
equipment which 1s contacted with the ofl-gas 1s increased.

EXAMPLE 2

Example 1 1s repeated with the only difference that the
TOC of the aqueous medium entering the column 1s 0.008
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wt. %. The same part of the piping as in example 1 has to
be replaced no earlier than after 6 years.

This example shows that due to a decrease of the TOC 1n
the aqueous medium entering the column, the lifetime of
equipment which 1s contacted with the ofi-gas 1s further
increased.

The mmvention claimed 1s:

1. Process for preparing mitric acid by treating an aqueous
medium containing organic compounds and phosphate, said
process comprising:

feeding the aqueous medium to a nitric acid synthesis

ZONe;

forming nitric acid by contacting the aqueous medium
with a gaseous medium in said nitric acid synthesis
zone, said gaseous medium containing NO,;

discharging an off-gas from said nitric acid synthesis
ZONE;

wherein the total organic carbon concentration in the

aqueous medium entering the nitric acid synthesis zone
1s less than 0.03 wt. %.

2. Process according to claim 1, wherein the total organic
carbon concentration 1 the aqueous medium entering the
nitric acid synthesis zone 1s less than 0.02 wt. %.

3. Process according to claim 1, wherein the gaseous
medium further comprises NO and O,.

4. Process according to claim 1, wherein said nitric acid
synthesis zone 1s a column.

5. Process according to claim 4, wherein said column 1s a
plate column or a packed column.

6. Process according to claim 1, wherein the temperature
in the nitric acid synthesis zone 1s between 10 and 100° C.

7. Process according to claim 1, wherein the process
comprises separating organic compounds from said aqueous
medium prior to feeding said aqueous medium to said nitric
acid synthesis zone.

8. Process according to claim 7, wherein said separating
1s carried out by stripping.

9. Process according to claim 1, wherein the aqueous

medium entering the nitric acid synthesis zone contains
between 2.0-8.0 mol/l of phosphate.

10. Process according to claim 1, wherein the o
contains N,, NO and/or NO.,.

.

-gas
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